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(54) Display systems 

(57) A method of controlling the display period of 
video data, and system thereof, that matches the frame 
period of displ^ed video data to the speed of a color 
wheel. The period of the color wheel is measured to 
determine the display period. An optimum frame 
sequence pattern is selected, tiased on the display 
period, to minimize the artifacts aeated in the displayed 
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image while maximizing the portioi of the frame period 
used to displ^ the image data. The display period for 
each segment of the frame sequence pattern is scaled 
to fit the period of the color wheel, and each bit of the 
image data is loaded into the spatial light nradulator and 
displayed at the proper time. 
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Description 

FIELD OF THE INVENTION 

This invention relates to the field of display sys- 
tems, more particularly to televteion and conputer 
graphics video display systems that use a color filter 
wheel 

BACKGROUND OF THE INVENTION 

Typical video and computer graphics display sys- 
tems use a cathode ray tube (CRT) to convert electrical 
video signals into a luminous image. In its most basic 
form, the CRT is an analog device which Includes an 
electron gun designed to emit a stream of electrons 
towards a phosphorous screen. The stream of electrons 
passes between two orthogonal pairs of charge plates 
before impinging on the screen. The two sets of plates 
are used to create an electric field which deflects the 
stream of electrons such that the stream of electrons 
impinges on the screen at a selected location. In a typi- 
cal monochrome raster-scanned system, a brightness 
signal is applied to the gun of the CRT to control the 
intensity of the electron stream, and timing signals are 
applied to the two sets of plates to sweep the point 
where the stream of electrons impacts the saeen 
across the screen row-by-row from top to bottom. 

A typical CRT-based television system displays the 
image data as a serial stream of pixels, just as it is 
received. Vertical and horizontal synchnDnization sig- 
nals, which are encoded along with the image data, are 
used to vary the charge on the CRT plates, thereby 
directing the electron stream to the proper point on the 
CRT screen. Because the synchronization signals 
encoded in the video signal control the aim of the CRT 
electron gun in real-time, the CRT-tased display easily 
adapts to input video signals with differing frame rates. 
For example. CRTs used for computer displays must 
operate at a variety of frame rates such as 60. 66. 72, 
and 75 Hz, while PAL or SECAM televisions operate at 
50 Hz. Additionally, a video source may drift about its 
specified frame rate. For example, if a videotape is 
stretched, the frame rate of the video signal will 
decrease. However, the video timing signals encoded in 
the video signal will alter the charge on the plates at the 
slower frame rate and the CRT-based display system 
will automatically adapt to the slower frame rate. 

SUMMARY OF THE INVENTION 

In accordance with the present invention, a method 
and system for controlling the display period of a frame 
of video data is provided which efficiently controls the 
operation of a display system. According to one enrtood- 
iment of the present invention, the frame period of a 
video signal is measured and an optimum frame 
sequence pattern is generated based on length of the 
video signal period. The frame sequence pattem deter- 



mines which image bit is displayed during each portion 
of the image frama One image bit is displayed during 
each segment of the sequence pattern. The display 
period for each segment of the frame sequence pattern 
5 is scaled so that the frame sequence pattern efficiently 
fits the video signal frame period, and the image data is 
displayed according to the scaled frame sequence pat- 
tem. 

According to another embodiment of the present 

10 invention, the frame period of a color wheel is meiasured 
and an optimum frame sequence pattem is generated 
based on length of the color wheel period. The frame 
sequence pattern determines which image bit is dis- 
played during each portion of the image frame. One 

IS image bit is displayed during each segment of the 
sequence pattem. The display period for each segment 
of the frame sequence pattern is scaled so that the 
frame sequence pattem efficiently fits the color wheel 
frame period, and the image data is displayed according 

20 to the scaled frame sequence pattern. 

According to another enfoodiment of the present 
invention, a counter is used to measure the period of the 
video signal. The measured period of the video signal is 
used by a sequence pattern generator to determine the 

25 duration of each segment of the display period for each 
image bit. An output timing controller scales the dura- 
tion of each segment of the sequence pattern to enable 
the display system to efficiently use the entire video sig- 
nal frame period. 

30 According to another embodiment of the present 
invention, a counter is used to measure the period of the 
color wheel. Tlie measured period of the color wheel is 
used tyy a sequence pattern generator to determine the 
duration of each segment of the display period for each 

35 image bit. An output timing controller scales tiie dura- 
tion of each segment of the sequence pattern to enatile 
the display system to efficiently use the entire color 
wheel frame period. 

40 BRIEF DESCRIPTION OF THE DRAWINGS 

For a more complete understanding of the present 
invention, and the advantages tiiereof. reference is now 
made to the following descriptions taken in conjunction 
45 with the accompanying drawings, in which: 

FIG. 1 is a t)lock diagram of a digital micromirror 
device based display system; 

so RG. 2 is a timefine showing the display period for 
each bit of image data displayed during one frame 
period of a monochromatic display system similar 
to the display system of Figure 1 ; 

55 FIG. 3 is a plan view of one embodiment of a color 
wheel for use in the display system of Rgure 1 ; 

FIG. 4 is a timeline showing the color periods gen- 
erated by the color wheel of Figure 3; 
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FIG. 5 is a series of timelines showing the oolor 
periods generated by a three-segment color wheel 
rotating at three different speeds and the resulting 
cotor display periods; 

FIG. 6 is a timeline showing one embodiment of a 
sequence pattern used to display an eight-bit image 
data word; and 

FIG. 7 Is block diagram of one embodim&it of the 
display corrtroner of Figure 1, used to select and 
scale a sequence pattern which determines the 
order and duration of the display segments for each 
image data bit. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Non-CRT display systems may require timing sig- 
nals other than those incorporated in the video signal. 
For example, frame-addressed display devices typically 
accumulate one frame of image data and then output 
the entire frame at one time. A basic display system 
based on the frame-addressed Texas Instruments Dig- 
ital Micromirror Device (DMD), as shown in Figure 1, 
digitizes each pixel of input image data 102 and stores 
the digitized image data until an entire frame of input 
image data 102 has been received. The DMD-based 
display system then loads one bit of image data for all 
pixels into the DMD 104 and simultaneously alters the 
position of all of the DMD mirrors such that a light beam 
from the light source 106 is selectively reflected toward 
the viewing screen 1 00. Projection lens 1 1 2 focuses the 
pixel image onto the viewing screen 100. A DMD-based 
display system displays each bit of image data serially 
One bit of image data for every pixel is called a "bit- 
plane." Because the image data is received in a pixel- 
serial, bit-parallel format, and displayed in a pixel-paral- 
lel, bit-serial format, the DMD-based display system 
must generate a new set of timing signals to control 
when each bit-plane is displayed. 

The additional timing signals, which control when 
each bit-plsuie is loaded into the DMD, are typically cre- 
ated by measuring the input video frame period and 
dividing the input video frame period into multiple bit- 
plane periods. As taught by U.S. Patent 5,278.652, 
issued March 23. 1993, and titled "DMD Architecture 
and Timing for use in a Pulse-Width Modulated Display 
System", a gray-scale image is created by weighting the 
bit-plane periods to coincide with the binary weighting of 
the input video data. For example, the bit-plane corre- 
sponding to the most significant data bit (MSB) is dis- 
played for twice the period of the next significant bit- 
plane. Rgure 2 shows a timeline detailing the division of 
one frame period into 8 bit periods. 

To generate a full-color image with a single-DMD 
projector, a color wheel 1 1 0 is used to sequentially fitter 
light from the light source 106. A sequential-color dis- 
play system, as shown in Figure 1, uses three of the 



oolor frame periods from Figure 2, one for each color, to 
generate a single display frame of the full-color Image. 
The DMD 104 modulates the filtered light to create a 
monochromatic image during each of the color periocte. 

5 The human eye integrates the light from sequential 
monochromatic periods, giving the impression of a 
muHi-color image. A color wheel may include more than 
3 segments. For exanple, the color wheel 302 of Rgure 
3 may be used to reduce the artifacts that are created 

10 when displaying moving objects. The color wheel 302 of 
Rgure 3 breaks the three color filters into four filter seg- 
ments. The color wheel of Rgure 3 will f Oter light accord- 
ing to the timeline of Figure 4. 

Practical display systems must be capable of 

IS adjusting to slight variances in the frame rate of the 
video source. If the display system cannot compensate 
for the input frame rate, the display system may occa- 
sionally lose or corrupt image data, or the efficiency of 
the display may be reduced as the system is idled 

20 between output frames. In addition to the variance in 
input video frame rates, display systems with color 
wheels also must adapt to drift in the color wheel speed. 
If the color wheel is temporarily tuming too test, the out- 
put frame period must be shortened to match the period 

25 of one revolution of the color wheel. If the output frame 
is not shortened to match the rotation of the color wheel, 
video data from a first frame of video data will be dis- 
played after the color wheel begins its second revolu- 
tion. The can'y over of one frame of video data from one 

30 color wheel period to the next destroys the relationship 
between the image data and the color of the light pass- 
ing through the color wheel and results in image data of 
a first color being used to produce an image of a second 
color. If the color wheel is temporarily turning too slowly. 

35 the displayed output frame will finish before the color 
wheel finishes the entire frame period. This will result in 
an inefficient idle period until the display system begins 
to d'^lay the next bit-plane of image data. A similar 
alignment error occurs at each tx)undary between adja- 

40 cent color filters. 

One solution is to simply shorten the output frame 
period to ensure that the DMD is finished displaying one 
frame of data before the color wheel begins the next 
frame period, and to insert a triank period between the 

45 end of the output frame period and the beginning of the 
following revolution of the color wheel. Although this 
method prevents one output frame period from over- 
running one color wheel period, it reduces the bright- 
ness of the displayed image by an amount proportional 

so to the t)lanking period. For example, if the input video 
frame rate is 59.94 Hz. and the color wheel is allowed to 
vary +/- 1 Hz about the nominal input video frame rate, 
the color wheel period varies from 16.41 mS to 16.96 
mS. If the display system must allow for a color wheel 

55 period anywhere between 16.41 mS and 16.96 mS. and 
the length of each color period is required to be equal, 
then only 15.3 mS of the color wheel period is used. If 
the actual color wheel period is 16.96 mS. then the color 
wheel uncertainty reduces the efficiency of the displ^ 
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system by 9.8%. 

Figure 5 shows four timeiines depicting the opera- 
tion of a three-segment color wheel based display sys- 
tem. Each of the first three timelines is divided into 
segments to denote which of the three color fitters is in s 
use. The first timeTine 502 shows the periods when a 
color wheel rotating at a nominal speed generates red 
(R). green (G), and blue (B) light. The second timeline 
504 shows the color periods for a color wheel that is 
rotating 10% too slowly. The third timeline 506 shows io 
the color periods for a color wheel that Is rotating 10% to 
quickly. The fourth timeline 508 shows the display peri- 
ods during which inrage data for each of the three colors 
is displayed. The periocte marked T are idle periods 
during which no color may be displayed due to uncer- is 
tainty in which filter is in the Hght path. The 10% rotation 
speed errors shown in Rgure 5 are exaggerated for 
illustrative purposes. Typically, there is less than 2% 
error in the period length. 

An improved display system measures the actual 20 
color wheel period and adjusts the display frame period 
to match the actual period. Measuring the color wheel 
period allows the display system to alter each display 
frame period to match the actual color wheel period. In 
a basic ennbodiment, the display controller measures 25 
the color wheel frame period and assigns each bit of 
data a display period equal to its weighted share of the 
measured frame period. For example, in a three-color 
system which uses 8 bits of data for each color, the LSB 
is assigned a period equal to 1/(3 x 255) of the total 30 
color wheel frame period. 

The previous discussion has assumed that each 
bit-plane of data is displayed in one contiguous time 
segment Because of the visual artifacts aeated by 
motion of either the viewer's eye or objects in the dis- 35 
played image, most bit-planes are actually displayed 
during many very short time periods. Breaking the bit- 
planes into short segments also facilitates horizontal- 
split-reset, which is a technique that dramatically lowers 
the necessary peak input data kjandwidth of the DMD 40 
104 by independently loading portions of the DMD such 
that only a small portion of the DMD must be loaded at 
any one time. The order in which the short segments of 
each of the bit-planes are displayed in is called a 
sequence pattern. A typical DMD display system which 4S 
uses 24 bits of data for each pixel may load data into 
each pixel well over 300 times each frame. Figure 6 
shows a timeline for a simple one-color sequence pat- 
tern. In Rgure 6. image data bits 4 through 7 are split 
into multiple segments and spread throughout the dis- so 
play timeline. Image data bits 0 through 3 are displayed 
during a single segment. 

The optimum sequence in whrch to load the image 
data is a trade-off between image quality and process- 
ing overhead, and varies depending on the type of ss 
image displayed and the display frame period. There- 
fore, as the frame period changes, the display sequence 
is also changed to maximize the image quality. Although 
emphasis thus far has been placed on correcting for 



errors in the color wheel period, large changes in the 
frame rate are also due to the selection of varfous video 
source formats. For example. European television sys- 
tems typically use a 50 Hz frame rate while computer 
generated graphics may have a 75 Hz frame rate. 
Therefore, the display system must be abkB to compen- 
sate not only for small drifts in the frame rate, but also 
for large step changes in the frame rate. It is these large 
changes in the frame rate that typically benefit from 
changes in the sequence pattems used to divide the 
image bits into display segments. 

According to one embodiment of a display control- 
ler using the present Invention, shown in Rgure 7, the 
actual frame period of the color wheel is measured by 
courrter 702. The output of counter 702 is used to com- 
municate the color wheel frame period to the output tim- 
ing controller 704. The output timing controller 704 
generates the timing signals that determine when data 
is read out of frame memory 706 and into the DMD 708. 
Additionally, the output period data is used by the 
sequence pattern generator 710 to determine the order 
in which data bits are read out of the frame memory 706 
and Into the DMD 708. As discussed atxive, the opti- 
mum sequence pattern with which to display the individ- 
ual bit-planes which comprise an image frame varies 
depending on the available frame time. Image artifacts 
may also be reduced by alternately using each of a 
series of sequerx^e patterns. 

Some embodiments of DMD43ased display sys- 
tems are designed to display a input video data over a 
wide range of frame rates. For example, a display sys- 
tem may be designed to display input video having a 
frante rate between 49 Hz and 75 Hz. In order to oper- 
ate over this wide input frame rate range while still limit- 
ing the range over which the color wheel motor is forced 
to turn tiie color wheel, the display system may be oper- 
ated in a spoke synchronous mode. Spoke synchronous 
mode only reqiAres the color wheel to turn 5/6 of a rev- 
olution during each video frame period. In one emtxxji- 
ment. the display system enters spoke synchronous 
mode whenever the input frame rate exceeds 63 Hz. 
Spoke synchronous mode allows a display system to 
display frame rates between 49 hlz and 75 Hz while lim- 
iting the color wheel speed to the range between 49 Hz 
and 63 Hz. 

In the display controller of Rgure 7, tiie number of 
10 Mhz clock periods between color wheel index signals 
is counted to determine tiie color wheel period to the 
nearest 0.1 mS. Using a 10 Mhz dock allows the binary 
word representing the color wheel period to vary by 
approximately 45 counts as tiie color wheel speed var- 
ies between 49 Hz and 63 Hz. These 45 different codes 
are used to communicate the cofor wheel period to tiie 
timing controller 704 and tiie sequence pattern genera- 
tor 710. /Vccording to one enrfoodiment. the le^ signiTi- 
cant 6 bits of the counter output are used to represent 
tiie color wheel frame period. These 6 bits, are input to 
tiie timing controller 704 to delennine tiie display period 
for each data bit. and also to the sequence generator 
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71 0 to determine which order the data bits are displayed 
in. In addition to the lower 6 bits of the period word from 
counter 702, the output timing generator 704 and the 
sequence pattern generator 710 each receive a timing 
signal which allows them to determine what portion of a 
frame is being displayed. According to one embodi- 
ment, the timing signal is the output of another counter 
that counts the lapsed time of each frame period. Both 
the timing controller 704 and sequence generator 710 
functions may be implemented using either a micro- 
processor, or one or more lookup tables. 

The points at which sequence patterns are 
changed, as well as the sequence patterns themselves 
are carefully chosen to prevent generating artifacts in 
the displayed image. Most video sources generate a 
video signal having either a 50 Hz. 59.94 Hz, 60 Hz, or 
72 Hz frame rate. A 72 Hz frame rate signal will cause 
the display system to enter spoke synchronous mode 
which will lower the color wheel speed to 60 Hz. There- 
fore, the color wheel period of the display system is typ- 
ically either 50 Hz. 59.94 Hz. or 60 Hz. If the crossover 
point between one sequaice pattern and the next is too 
cbse to one of these common frequencies, instability in 
the video source may cause frequent switching between 
two sequence patterns. To eliminate the possibility of 
frequent siMtching between two sequence patterns, the 
crossover points are chosen to avoid the tolerance 
bands of the common display frequencies. 

Although the embodiments taught have focused pri- 
marily on compensating for drift in a color whe^ rotation 
speed, the invention disclosed herein also allows color 
wheel based systems to adapt to various nominal frame 
rates. Additionally, non-color wheel systems may also 
use the novel features of the Invention disclosed herein 
to efficiently display video signals of differing frame 
rates. Rather than measuring the period of a color 
wheel, a non-color wheel based system typically meas- 
ures the frame period of the input video signal. 

Thus, although there has been disclosed to this 
point a particular embodiment for a system for control- 
ling the frame period for displayed data and method 
thereof, it is not intended that such specific references 
be considered as limitations upon the scope of this 
invention. Furthermore, having desaibed tfie invention 
in connection with certain specific embodiments 
thereof, it is to be understood that further modifications 
may now suggest themselves to those skilled in the art. 

Claims 

1- A method of controlling the display period of video 
data, the method comprising: 

measuring a frame period; 

selecting an optimum frame sequence pattern 

based on said frame period said frame 

sequence pattem being comprised of a series 

of segments during which a bit of image data is 

displayed; 



determining a display period for each said seg- 
ment of said frame sequence pattern t>ased on 
said measured frame period and said selected 
frame sequence pattem; 
5 loading a portion of said image data into a spa- 

tial light modulator to cause said spatial light 
modulator to selectively nnodulate incident 
light; and 

repeating said loading step for each said seg- 
10 ment of said frame sequence pattern. 

2. The method of Claim 1 wherein said measuring 
step comprises counting the nurrtber of dock sig- 
nals between occurrences of index signal. 

15 

3. The method of Claim 2. further comprising; using 
an index signal which is a vertical synchronization 
signal. 

20 4. The method of any preceding daim further com- 
prising; loading at least one portion of said image 
data into said spatial light modulator at least two 
times during a single frame period. 

25 5. The method of any of Claims 1 to 4, further com- 
prising; performing said measuring, selecting, 
determining loading and repeating steps to match 
the display period of video data to the frame rate of 
a video signal. 

30 

6. The method of Claim 5, wherein said step of meas- 
uring the frame period comprises measuring the 
frame period of said video signal. 

35 7. The method of any of Claims 2 to 6, wherein the 
step of counting the number of dock signals 
between occun-ences of an index signal comprises 
counting the number of clock signals between 
occurrences of a video signal index signal. 

40 

8. The method of any of Claims 1 to 4 further compris- 
ing; performing said measuring, selecting, deter- 
mining, loading and repeating steps to match the 
display period of video data to the speed of a color 

45 wheel. 

9. The method of Claim 7 or Claim 8. wherein said 
step of measuring the frame period comprises 
measuring the frame period of said color wheel. 

so 

10. The method of any of Claims 2, 3, 8 & 9, wherein 
the step of counting the number of dock signals 
between occurrences of an index signal comprises 
counting the number of dock signals between 

55 occun-ences of a color wheel index signal. 

11. A display controller for a display system, said dis- 
play controller comprising: 
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a counter for measuring a period; 

a frame memory for storing image data, said 

image data conprised of at least two bits of 

data for each pixel of an image; 

a spatial light modulator for receiving said s 

image data from said frame memory and fc>r 

modulating fight in response to said image 

data; 

a sequence pattern generator for corttrolling 
the transfer of said image data from said frame 10 
memory to said spatial light modulator, said 
sequence pattern generator varying the order 
in which said at least two bits of data for each 
pixel is transferred based on the period as 
measured by said counter; and is 
an output timing controller for controlling said 
transfer of said image data between said frame 
memory and said spatial light modulator based 
on the period as measured by said counter. 

20 

12. The display controller of Claim 11. wherein said 
sequence pattern generator is a lookup table. 

13. The display controller of Claim 11 or Claim 12, 
wherein said output timing controller is a microproc- 2s 
essor. 

14. The display controller of any of Claims 11 to 13. 
wherein said display system uses at least one dig- 
ital micromirror device. 30 

15. The display controller of any of Claims 11 to 14. 
wherein said counter measures the period of a 
video signal. 

35 

16. The display controller of any of Claims 11 to 14, 
wherein said counter measures the period of a 
color wheel. 

40 
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